Introduction
The Kern Entrepreneurship Education Network (KEEN) supported by the Kern Family Foundation was created in 2005 to "champion the entrepreneurial mindset in undergraduate engineering students." [1] [2] [3] In an effort to achieve this goal, the Kern Family Foundation created a network made up of mostly private engineering schools that are committed to developing the entrepreneurial mindset in their undergraduate engineering students through the network schools' faculty and programs. Through KEEN support, engineering schools have had the opportunity to make investments in faculty, staff and students to transform engineering education with the ultimate goal of empowering the engineers of the future to create jobs and make the world a better place. [2] [3] [4] [5] [6] This goal is captured in the mission of KEEN which is, "to graduate engineers with an entrepreneurial mindset so they can create personal, economic, and societal value through a lifetime of meaningful work." 4 KEEN champions novel pedagogy in engineering such as Active Collaborative Learning (ACL), Project/Problem based Learning (PBL) and Entrepreneurial Minded Learning (EML). ACL and PBL are not new to engineering education, but EML is. 2, 3, [7] [8] [9] [10] EML is a student-centered pedagogy developed by KEEN that employs ACL/PBL with the goal of also developing the entrepreneurial mindset in the students. A key element of EML is to provide students with authentic learning experiences that make them better able to identify opportunities to create value in a product or process. 2, 3, [11] [12] EML supports the student's acquisition of both content knowledge and creative thinking strategies and skills and supports the intersection of engineering, business and societal needs. A cornerstone of EML is the synthesis of knowledge and experience from a variety of resources which makes it a high level of learning on the cognitive domain. 13, 14 The University of Dayton (UD) is one of 24 colleges that are part of KEEN. In 2014, UD received a $1.2 million grant from KEEN to support the professional development of faculty and to create curriculum that would help engineering students develop curiosity, make connections and create value for their future employers as well as society at large. 15 To facilitate this, UD created the KEEN Fellows program. The KEEN Fellows program at UD is a cohorted program, where faculty in engineering, mathematics, geology and other College of Arts and Sciences courses that have a large enrollment of engineering students can receive summer funding or course buy-out to develop curriculum, courses or innovative pedagogy that promotes the entrepreneurial mindset. The KEEN Fellows program includes training on ACL/PBL and EML as well as opportunities for faculty to exchange ideas and learn from one another. Curriculum developed through this program is shared with faculty from other schools in the network during KEEN meetings and will eventually be shared through an on-line platform. The first cohort of KEEN Fellows which commenced in January of 2015, was made up of 12 engineering faculty and three faculty from the College of Arts and Sciences. Faculty in this cohort engaged in a variety of activities including developing flipped classrooms, creating on-line learning, new course development and development of EML modules for existing classes. This paper will describe the modification of an existing required mechanical engineering course, Introduction to Materials Science (Materials), to have a thematic section focused on bioengineering applications.
Thematic Material Science Course
UD has realized tremendous growth in its Mechanical Engineering program over the past ten years. Currently, the department has approximately 800 undergraduate students representing about 10% of UD's total undergraduate student population. As a result, the department offers multiple sections of most of its required courses every semester. Although this has provided challenges with regards to staffing, it has also provided opportunities for faculty to create special sections of the courses that cater to the individual interests of the students.
One particular interest of undergraduate mechanical engineering students is in the area of Bioengineering. Although UD does not offer a Bioengineering undergraduate degree, it does offer a Bioengineering Master's Degree. Undergraduate students can take some of the Bioengineering course offerings as technical electives and /or pursue a Bioengineering minor. Additionally, UD recently approved a Biomechanical Engineering minor. 16 The field of Bioengineering is attractive to students for good reason. The US Bureau of Labor and Statistics estimates job growth in Bioengineering to be in excess of 23% over the next decade with a median annual salary of approximately $89K. 17 Additionally, according to ASEE, the field of Bioengineering is highly attractive to females with approximately 40% of the undergraduates degrees in bioengineering being awarded to females which is the second highest of any specialty in engineering. 18 In an effort to feed this interest, one section of an Introduction to Materials Science course was modified to have a Biomaterial focus, to employ ACL/PBL and EML techniques and to include project based learning modules aimed at fostering the entrepreneurial mindset in the students while also meeting course specific goals. Because this is a core mechanical engineering course, the primary learning objectives for the Introduction to Materials Science course had to be met through this modified course offering.
Introduction to Materials Science, MEE 312 (Materials) is a three semester hour, junior level course that is a requirement for the Bachelors of Mechanical Engineering degree at UD. This course covers basic material science topics such as chemical bonding, crystal structure, diffusion, mechanical testing and material properties, solidification, phase diagrams, heat treatment, metals and alloys, polymers, composites and ceramics. There is an accompanying one credit hour laboratory that covers primarily mechanical testing and material properties, data analysis and technical report writing and is fairly well aligned with the lecture portion of the course to provide reinforcing activities to the course content. Typically, UD offers three sections of Materials each semester and eight to ten sections of the lab. The course and lab are co-requisites, but occasionally a student will be in the class, but not the lab or be in the lab but not the class. This course usually has 30 to 40 students in each section of the class and 10 to 15 students in each section of the lab. Students in one section of the lab are not necessarily in the same section of class.
Through the KEEN Fellow program, one of the faculty members that teaches one to two sections of the lecture each semester and coordinates all of the laboratory sections with assistance from graduate student teaching assistants, modified one section of the lecture portion of the course to have a Biomaterial focus as described above. This faculty member had been teaching the materials course and associated laboratory for approximately 15 years prior to creating the thematic special section. During these 15 years, this faculty member had employed some ACL techniques in her classroom and typically assigned at least one project during the course of the semester. Additionally, she had created some EML modules for this course through another KEEN activity. 19 This faculty member also had student evaluation scores that were consistently above the departmental average.
The main objective associated with offering the special Biomaterial focus section of the Material course was to provide the students with a mechanism for making connections among the various chapters and units of the course and to promote student interest and engagement through the thematic inclusion of biomedical applications of materials. Additionally, it was hoped that the thematic focus would help to foster the entrepreneurial mindset of the students. Furthermore, as previously mentioned, since Materials is a required course, the objectives listed above had to be met without compromising the learning outcomes already established for the Materials course.
The Biomaterial focus section of the course was modified in several specific ways. One major change made to this section was the Course Schedule. The course schedule was adjusted to accommodate some additional topics that are not generally covered in the traditional Materials course, but were highly relevant to the Biomaterial focused section. Among these include Ethical and Legal Issues, Wound Healing, Corrosion Basics, Failure Analysis and Biomedical Applications of Materials as shown in Table 1 . As a result of this, the laboratory activities did not match up as well with what was taught in the Biomaterial focused section as they did with the regular sections of Materials. Another change made to this Biomaterial focus section of materials was that the homework problems and projects assigned for this section of the course had a biomedical and Biomaterial emphasis. Examples of these are provided below in the Course Projects and Homework section. Other changes made to this section included the use of a flipped classroom format in the latter part of the semester. One thing that was not changed about this special section of the course was that ACL and PBL pedagogies were employed throughout the semester. As mentioned above, the faculty member that offered this special section of the course, had a long history of including ACL and PBL pedagogies in her course. As such, inclusion of these pedagogies was not new.
Course Projects and Homework
In the Biomaterial focused section of Materials specialized readings and other resources were posted on an on-leaning learning platform. No specific text book was used for this course. Students were assigned seven homework assignments worth ten points each, two mini-projects worth 25 points (~4%) each and two major projects worth 100 points (~ 14%) each. Additionally, there were four, five point (> 1%) quizzes over the flipped classroom lectures, two tests worth 100 points (~14%) each and a final that was worth 150 points (22%) (690 total points). To promote community engagement, students had the opportunity to earn 20 points extra credit if they went to a K-12 classroom to facilitate an engineering design activity for the children. Homework problems were developed to have a Biomaterial focus. For example, for a homework assignment that included concepts of the effect of atomic bonding on material properties, the students were given the following information related to materials that are used for Hip Implants: Students were then asked to respond to various questions regarding the properties listed in the table based on their knowledge of how atomic bonding affects these properties. As another example, for a homework assignment related to diffusion, students were asked to design a transdermal drug delivery system for a proprietary medication to treat high blood pressure. They were provided the drug concentration, diffusion coefficient, required drug dosage, release material thickness, patch wear time and the amount of drug remaining in the reservoir after this wear time. They were able to design the size and shape of the patch based on this information.
Hip implants are a widely used biomedical application. These implants make use of a variety of different types of materials. To exemplify this point, see the figure provided below which shows hip implant constructions that make use of three distinct classes of materials (metals, polymers and ceramics). Properties of some common
A core learning component of this class was the two mini-projects and the two major projects. Each of these projects was designed to be completed primarily during class time, to be somewhat evenly spaced over the course of a semester and to meet specific course learning objectives. Additionally, these projects were designed to meet specific KEEN learning outcomes. These learning outcomes were that by the end of the semester the students would be able to: define problems, opportunities and solutions in terms of value creation; apply creative thinking to ambiguous problems; demonstrate resourcefulness and collaborate in a team setting. An additional objective for each of these projects was to help students synthesize knowledge gained from various separate chapters in a given unit or over the course of the semester and to relate this information in a practical manner to a real world Biomaterial problem. Each of the four assignments embedded multiple ACL techniques such as jigsaw (expert teams) and think-pairshare.
Mini-Project1 -Bonding, Crystal Structure, Slip, Crystallographic Defects and Properties:
The first Mini-Project was designed to occur at the end of the first unit and to serve as a "capstone" assignment to the unit prior to the first test. This mini-project was facilitated during the fourth week of a sixteen week semester. The course specific learning outcome for this miniproject were that by the end of this assignment students would be able to: estimate the general properties of a material based on type of bonding; estimate the general properties of a material based on crystal structure; identify the slip system for common crystal structures; and select the more appropriate material for an application by applying concepts of crystallographic imperfections and slip.
For this activity, students were allowed to self-select their teams of approximately four students each. Students were given three class periods to finish this assignment. Students were presented with the scenario provided below. They were provided with a limited number of materials to choose from and then asked to narrow down their material choice based on their knowledge of the effect of atomic bonding, crystal structure, and crystallographic defects on the properties relevant to this particular application. Students were asked specific questions to help guide their thinking. They were able to use any resource available to them such as their notes, text book, internet, but were strongly encouraged to not try to "find the right answer." Instead, they were asked to apply their general knowledge of atomic bonding and the effect it has on properties as well as their knowledge of crystal structures, crystal defects and slip to solve this problem. Mini-Project 2 -Solidification, Diffusion, Phase Diagrams and Heat Treating:
The second Mini-Project was designed to occur at the end of the second unit and to serve as a "capstone" assignment to that unit prior to the second test. This mini-project was facilitated during the tenth week of a sixteen week semester. The course specific learning outcomes for this mini-project were that by the end of the assignment the students would be able to read and interpret a phase diagram and a cooling curve, be able to use a phase diagram to predict the formation of microstructures in a material and to recommend a heat treatment based on desired properties. As with the other mini-project, students were able to self-select their teams of approximately four students each. The students were given two class periods to complete this assignment. Students were presented with the scenario provided below. They were then tasked with "playing" with Nitinol wire and recording their observations. After that they responded to a variety of questions on an accompanying worksheet related to cooling curve, phase diagrams, heat treatment and martensitic transformations.
You are part of the design team for Cordis ® that is working on optimizing their selfexpanding vascular stents and also marketing these to medical professionals. These stents are made out of Nitinol which is a Ni-Ti shape memory alloy.
Project 1 -Ethical/Legal Issues, Wound Healing, Corrosion, Testing and Failure Analysis:
The first major project was designed as an inquiry based learning experience. The course specific learning outcomes for this project were that by the end of the assignment the students would be able to identify major forms of corrosion, list the steps associated with a failure analysis, interpret data from a failure analysis, and express an opinion that is backed up with data and facts related to an ethical and legal issue for a biomedical application. Students were able to self-select their teams of four. Students were given four class periods to work on this assignment. For this assignment, students were asked to watch several youtube videos. One of these videos was a news report related to the recall of a hip implant.
23, 24 Embedded in this news report, were personal testimonials as well as information related to lawsuits. Additionally, the students were asked to watch a cosmo learning video of a case study of a failure analysis of a similar hip implant. 25 Students with information about the modular hip implants and asked to respond to questions related to the types of corrosion identified in the case study, the information obtained at each step of the failure analysis and to identify claims made regarding the physiological response to these implants. Finally, the students were asked to provide a one page opinion paper that discusses the case from one of three viewpoints: the hip implant manufacturer, the patient or the surgeon. They were required to back up their opinion with facts and data.
Project 2-Biomedical Applications, Metals, Polymers, Ceramics and Composites
The second major project was also designed as an inquiry based learning experience. In parallel with this assignment, students were assigned as homework to watch recorded lectures on specific material types and then take a five point on-line quiz over the content covered in each of the lectures. The course specific learning outcomes for this project were that by the end of the assignment the students would be able to: translate product design requirements and objectives to specific material properties; use Ashby diagrams as a tool for material selection; use the method of weighted factors as a tool for material selection; access material property data from a variety of reliable web sources, handbooks and text books and properly apply this information for the purpose of material selection and speak knowledgeably about the different material classes. In this project, students were asked to reverse engineer a biomedical device, pick a specific component on this device, research the material that component was currently made from and then use the material selection process to research and select alternative materials for that application. They were required to consider at least one metal, polymer or ceramic. However, if they chose to also research a composite material, that could replace any one of the aforementioned material classes. Student teams were allowed to define their own design objectives for the component. For example, they may have chosen to find an alternative material that would make the component more cost effective, lighter, more "durable," etc. A broad definition of biomedical device was employed to include assistive devices, surgical tools, external fixation devices and implants.
For this project, an attempt was made to form teams based on biomedical application interest. To facilitate this students were asked to individually bring in three ideas of biomedical applications that they were interested in researching. Students then were tasked with talking to at least fifteen different people over a five minute period. Students were asked to form teams of three to five people based on interest. Students were given five class periods to work on this project. At the conclusion of the project, they were asked to share their results through a short five minute presentation. They were challenged to not use a power point presentation, but instead, employ a more creative method to share their information. Nothing was off the table including interpretive dance, theatrical rendition, etc. Extra credit was given for creativity. That being said, a majority of the teams chose power point presentations. Others created videos, or tried to engage the class by asking questions and providing rewards such as candy.
Course and project assessment:
A variety of methods were used to assess the course as a whole as well as the projects and miniprojects. These methods included Likert scale assessment of the projects, mini-projects and class by the students, comparison of scores on a common final exam between a traditional section of materials with the Biomaterial focused section of materials and comparison of student evaluations of teaching between traditional sections of materials with the Biomaterial focused section of materials taught by the same instructor. It is understood that these methods of assessment are primarily qualitative, but they did provide some meaningful information to the instructor. In particular, the instructor wanted to make sure that the students' learning of key material concepts was not negatively impacted by the additional course content in the Biomaterial focused section of materials. Comparison of the scores on a common final was used to determine this. The Likert scale assessments were developed to measure the students' perception of the efficacy of the projects and mini-projects in helping the students understand course concepts, to determine if the students enjoyed the assignments and to seek qualitative feedback so that the assignments could be modified and hopefully improved. For the application project the students were asked to assess the efficacy of that project in meeting specific course related learning outcomes. Additionally, the end of the course assessment was used to determine if the students perceived that they had made gains in developing key elements of an entrepreneurial mindset.
A summary of the responses generated through the Likert scale surveys are provided in Tables 2-5 . For all assessments a five point Likert Scale was used with 5 being Strongly Agree and 1 being Strongly Disagree. Tables 2 and 3 summarize the feedback from the mini-projects and projects. For the assessments summarized in Tables 2 and 3 , the averaged Likert scale scores ranges from 3.89 to 4.42 which is in the "agree" to "strongly agree" range. As can be seen from Tables 2 and 3 , the students felt that the mini-projects and projects were a fun way to review and helped them to better understand the course content and achieve the learning outcomes. Additionally, the students felt that they had sufficient time to work on these activities and that the worksheets helped to guide them to a solution. Table 4 shows student feedback on the Biomaterial Focused course as a whole. For this assessment, the average Likert scale scores ranged from 3.10 to 4.60 which is in the "neutral" to "strongly agree" range. As can be seen from this table, students did not necessarily sign up for this course because of the Biomaterial focus. Although, the Biomaterial focus of this section of the course was advertised at registration, some students chose this section due to the instructor or scheduling. Despite this, the students felt that the applications and projects were helpful to their learning and made them more interested in material. In the open response question, one student commented, " I have never had an interest or class with Biomaterials, so it was interesting but not what I am interested in." Another student commented, "The projects allowed us to see how the concepts we were learning applied to actual Biomaterial applications." Table 2 . Assessment of Mini-Projects 1 and 2 and Project 1. At the end of the semester, the KEEN Fellow Program evaluator asked each of the KEEN Fellows to assess the efficacy of their courses at meeting some of the KEEN learning outcomes related to the entrepreneurial mindset as defined by KEEN. 4 The students were asked to respond to the questions provided in Table 5 regarding their perception of the efficacy of the Biomaterial Focused Material course in helping them develop some of the key components associated with an entrepreneurial mindset. For this assessment the average Likert Scale scores ranged from 3.31 to 4.38 which is in the "neutral" to "agree" range. Data from Table 5 suggests that the Biomaterial Focus course was most effective in the area of making Connections and Entrepreneurship and least effective in the area of Creating Value. Overall, however, the data suggest that his course was effective in helping the students develop all of the components associated with the entrepreneurial mindset. Because this assessment was not available at the beginning of the semester, it was not possible to facilitate it as a pre/post survey. This is unfortunate as it would have been interesting to assess the students' perception of their abilities in these key attributes of an entrepreneurial mindset at the beginning of the semester to see if there was any growth in these areas as a result of their participation in the Biomaterial focused section of this course. Furthermore, it would have been advantageous to compare this information to a control group of students enrolled in a regular section of Materials course taught by the same instructor. This was not possible, since the instructor taught only one section of the course that semester. In an effort to compare longitudinal trends with regards to student learning in Materials, the instructor of this course has facilitated a common 150 point cumulative final for the past several years. The format of this final is 75 multiple choice questions. The final is not returned to the students. They only receive their scores. Table 6 shows the scores of these finals for three different course structures. In the spring of 2014, the instructor employed ACL and PBL, but not EML pedagogies in two sections of the course. In two sections of the course for both the fall of 2014 and spring of 2015 semesters, the course was modified to include EML projects and assignments, but did not have the Biomaterial focus. In the fall of 2015, the Biomaterial focus section of the class was offered to one section of materials. All of these sections of the course were facilitated by the same instructor. As can be seen from Table 6 , no significant difference was noted in the common final exam scores from the spring of 2014 through the fall of 2015.
This data suggests that the extra course content facilitated in the Biomaterial Focus section of the materials course did not negatively impact the students' learning of fundamental material concepts. Often times, engineering faculty members are hesitant to employ innovative pedagogies for fear that these techniques will have a negative impact on their teaching evaluations. In an effort to determine if the Biomaterial focus section had a negative impact on the teaching evaluations, the Student Evaluation of Teaching (SET) results were compared for the same instructor for the regular sections of Materials offered during the spring of 2015, with the Biomaterial Focused section offered during the fall of 2015, Table 7 . ACL, PBL and EML were employed for all of these sections. It would also have been very useful to compare the SET for a semester where EML was not employed. Unfortunately, however, the university changed the evaluation forms, questions and method used to facilitate these forms after the fall of 2014. As such, comparing the SET from any semester prior to the spring of 2015 would not have been a valid assessment. As can be seen from Table 7 , the SET results were not negatively impacted in the Biomaterial Focused section. In fact, for some of the questions such as "I learned a great deal from this course" and "I would recommend this course to other students," there were slight gains in the scores for the Biomaterial Focus section. 
Summary of Findings:
One of three sections offered in the fall of 2015 of a junior level Introduction to Materials course was modified to have a Biomaterial focus and to employ ACL, PBL and EML assignments and projects aimed at fostering the entrepreneurial mindset in the students. Seven homework assignments, two mini-projects and two major projects were created or adapted to include biomedical applications of materials and material science concepts. Various methods were used to assess the Biomaterial focused section of the materials course. These methods included Likert scale assessment of the projects, mini-projects and class by the students, comparison of scores on a common final exam between traditional sections of materials with the Biomaterial focused section of materials and comparison of student evaluations of teaching between traditional sections of materials with the Biomaterial focused section of materials taught by the same instructor. Results of these assessments suggest that the students enjoyed the projects and miniprojects and found them helpful to their learning of the course content. Furthermore, the students felt that the course helped them develop their entrepreneurial mindset by fostering creativity, allowing them to make connections and to think about the relevance of the course content to creating value. Despite the additional content that was added to the Biomaterial Focused section of the materials course, scores from a common final exam suggest that the students in the Biomaterial focused section had the same level of achievement as those in the regular sections of materials. Although some of the students did not sign up for this course because of the Biomaterial focus, most of the students felt that the Biomaterial applications and projects were helpful to their learning and made them more interested in the course content. The instructor's teaching evaluations were not negatively impacted when this instructor facilitated the Biomaterial Focus section of materials. Based on these results, it can be concluded that offering a thematic section of a course can be a good way to get students interested in the course content, to bring in projects that have a common theme and to help develop the students' entrepreneurial mindset. Slight modification of the course, including developing thematic homework and projects and adjusting the schedule to accommodate additional content are required, but can provide benefits to the students as well as the instructor.
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